ABSTRACT
InTRoduCTIon
The average number of live births in Serbia per year is 70017. Based on indirect statistical calculations, it is assumed that in Serbia approximately 170-190 children per year is born with hydrocephalus or hydrocephalus and spina bifida. Hydrocephalus occurs in 1/500 children in the general population and almost half are the children born prematurely (15). The frequency of IVH in babies with low body weight exceeds 50% (13, 55) . In two reference studies with patients subjected to temporarily surgical treatment of symptomatic hydrocephalus caused by IVH, in 57 or in the 85% of survivors the placement of the permanent drainage of cerebrospinal fluid was required (22, 26) . Numerous methods of temporary drainage of cerebrospinal fluid are used in the initial treatment of post haemorrhagic hydrocephalus (PHH) in prematurely born children. These children often do not tolerate the placement of permanent ventriculoperitoneal (VP) shunt as the initial procedure because of the blood in the ventricular system and the high probability of the valve mechanism obstruction caused by the blood decomposition products. A great number of children are physically too small to tolerate the shunt system (valve and tubes) and are prone to dehiscence and skin infections. Inability to absorb liquor distally in the peritoneum may also contribute to shunt failure in this population so temporary drainage of cerebrospinal fluid is often necessary. Temporary medication (acetazolamide, furosemide ...) or invasive treatment (lumbar puncture or transfontanelle ventricular puncture) does not exclude placement of a permanent drainage (51, 53) . Criteria for treatment depend on the surgeon and institution. In PHH methods of choice are 1) VP shunt and 2) setting up reservoirs of single ventricular periodic puncture (Omaya).
The aim of our study was to identify predictive factors of poor perioperative outcomes and evaluate the possible advantages of one of the proposed methods.
MATeRIAl and MeThodS
In order to optimize treatment and surgical treatment of hydrocephalus in premature infants the possibility of a subcutaneous reservoir with ventricular catheter was studied in premature infants in which for some reason (poor general condition or the existence of associated anomalies) ventriculoperitoneal shunt can not be primarily placed as generally accepted method in order to prevent destruction of brain parenchyma due to higher intracranial pressure. This method has been used before, but is (has not been) not generally accepted. The study included 60 patients with intraventricular hemorrhage (IVH) who were treated at the University Children's Hospital in Belgrade and the Institute for Neonatology in Belgrade from March 2006 to March 2011. By randomized study, we formed two groups of 30 patients with the same characteristics (gestational age, birth weight, APGAR score). The first group included patients who were placed ventriculoperitoneal shunt while the other group consisted of patients who were primarily placed a subcutaneous reservoir with ventricular catheter. Children included in the study were at least 23 weeks of age, IVH was documented by ultrasound, bilateral ventricular dilatation was 4 mm or more. Ultrasound recording was repeated twice a week with mandatory parental consent. The study excluded children with the values of prothrombin time over 20 seconds or if the thrombocytes level was less than 50000/mm3.The study was a prospective descriptive-analytical study. All collected data was analyzed using descriptive and analytical statistics, in order to predict the occurrence of the possible complications. Logistic regression method was used. Besides this (in addition to this procedure), we applied the methods of one-factor and two-factor analysis of variance to test the significance of difference between operative techniques. For this process we used the software package SPSS 12.0.
ReSulTS
The study included 60 children who were diagnosed IVH and consequent hydrocephalus during treatment in the University Children's Hospital and the Institute for Neonatology in Belgrade from March 2003. to March 2008. The median width of the ventricle was 16 mm (14-22 mm) on the right side and 16 mm (14-19 mm) on the left. For data processing and evaluation of the usefulness of the proposed method the patients were divided into two groups: group I with an implanted ventriculoperitoneal shunt (VP) and group II with an implanted subcutaneous reservoir (Omaya reservoir). Each group consisted of 30 patients. The average gestational age in the first group in which we had 15 boys and girls was 29.63 ± 2.91 weeks of gestation, while the second group of 17 boys and 13 girls was 29.27 ± 3.33 weeks of gestation. There was no statistically significant difference in the average gestational age (t = 0.472, p> 0.05) (Table I) , and gender representation between the two groups (χ2 = 0.268, p> 0.05) (Table II) .
There was no difference between groups I and II in the timing of surgery (Z=0.809, p>0.05), the average head circumference (t=0.853, p>0.05) and body weight (t=0.107, p>0, 05) (Table  III) .
In group I, the outcome of the treated patients was affected by gestational age (t=2.323, p=0.024), head circumference at birth (t=2.072, p=0.043), birth weight (t=2.832, p=0.006), Apgar score at birth (t=5.026, p<0.01), number of days on assisted ventilation (Z=6.203, p<0.001), peripartal asphyxia By multivariate logistic regression analysis as the most important predictor of poor outcome an extended number of days on assisted ventilation was marked (p<0.05) ( Table V) .
There was no significant difference in the prevalence of poor (χ 2 =0.271, p>0.05) and death (χ 2 =0.659, p>0.05) outcome between the groups. However, group II had 10% lower mortality than the control group, which may be clinically significant difference, but the size of the sample is insufficient for statistical test to have sufficient power to demonstrate the significance of the differences (Table VI) .
dISCuSSIon
Posthaemorrhagic hydrocephalus remains one of the most (51), because there is no statistically significant decrease in shunt placement, mortality and disability, as well as increased incidence of infection in the CSF compared with conservatively treated patients. Also, later in the same review the author concludes that neither the treatment with acetazolamide nor furosemide is unsafe and efficient, and can not be recommended (53, 54) . They hope that therapy is going to reduce in antifibrolitic therapy to reduce the clot and normalizing the circulation of cerebrospinal fluid (18,54). Whitelaw opposes the use of streptokinase in infants with IVH (52) . Therefore it remains as the basis of the surgical treatment. Ventricular subgaleatic maneuvers are described in detail in the literature. A ten-year series of 173 PD patients (University of Iowa) from 1977 is the largest and the oldest study (33) . Rahman and colleagues published a series of the 17 patients in whom the initial treatment consisted of serial LP (35) . In 15 of them a subgaleatic-ventricular drainage was made without complications, from that group 3 patients did not require additional permanent drainage. Subgaleatic shunt may be revised in the case of contraction of subgaleatic pocket when there is a possibility to obstruct a permanent shunt system. The use of subcutaneously embedded reservoir is well known since the eighties of the twentieth century (10,26). The procedure is technically relatively simple and allows the controlled liquor extraction transcutaneous by monitoring of the clinical picture. Reservoir has advantages over repeated lumbar punctures (often a small amount of cerebrospinal fluid) and repeated transcortical ventricular puncture (risk of injury) (1). Major complications in the use of common causes of hydrocephalus in childhood. The massive IVH carries a high risk of neurological deficits, and more than 50% of these children have a progressive development of ventricular dilation. Murphy and colleagues have shown that posthaemorrhagic ventricular dilatation (PHH) caused an increased mortality and morbidity rate in the last decade of twentieth century (31, 49) . It is important to mention the limitations of any retrospective reports. There are different criteria at each institution at the beginning of treatment, including the initial size of the head, the rate of growth, ventriculomegaly, rate of change in ventricular size. Criteria for temporary and permanent drainage therapy are also not standardized. In many cases, changeable characteristics are 1) the relative weight of the newborn for the permanent placement of drainage, 2) radiographic criteria for bleeding in the ventricles and 3) to temporarily define the need for the therapy or for permanent placement of drainage. In some cases there are differences in criteria depending of institutions and the surgeon.
The treatment of PHH has followed an increased risk of shunt failure, with medium survival from 2 to 7 years (12, 24, 28, 34, 45) . Unclear is the ratio of size of the blood clot on the ventricular dilatation and successfulness of surgical intervention. Alternative methods of treatment can delay the treatment of PHH. Surgeons in many medical centers routinely perform LP or direct serial ventricular punctures, by which they control the size of the head. In Cochrane's publication, published in 2001, Whitelaw concluded that repeated puncture is not recommend in neonate with risk Complications that are registered with the placement of subcutaneous reservoir are liquohrea, meningitis, catheter migration from the ventricle or its slippage into the ventricle and intraparenchimal haemorrhage (9,55). Liquorea rate on skin incision, according to Willis is 16.6%, and 4.7% according to Tubbs, 5% according to Fulmer and 32% according to Sklar (9,17,39,55). In our study liquohrea occurred in 23% of cases (7 patients), which is the upper limit of the mean incidence in the available published literature. Revision was required in 52 out of 185 cases in Tubbs (28%) and in 5 of 20 patients Fulmer (9,44).
Several studies showed that gestational age is directly related with the development of IVH and associated cognitive and neurological deficits (2, 14, 21, 27, 29, 30, 42, 47, 50) .
IVH usually occurs within the first 24 hours after birth and progression of hemorrhage is possible after 48 hours or longer. By the end of the first week 90% of hemorrhage can be detected and the period of risk is independent of gestational age. The treatment of IVH is typically related to screening of IVH consequences and treatment of neonates (respiratory status and blood pressure that may indicate the progression of IVH). Parameters of the American Academy of Neurology "neonatal neuroimaging " suggest US screening of preterm neonates under 30 weeks of gestation twice. The first US is recommended between the 7th and the 14th day of age in order to discover traces of IVH and the second after 36-40 weeks from last menstrual period of the mother to see the possible effects of CNS lesions such as periventricular leukomalacia and ventriculomegaly. Later, MRI is a better method for the detection of lesions in the white matter. Posthaemorrhagic hydrocephalus (PHH) and periventricular leukomalacia (PVL) are two important sequel of IVH. Patients with PHH usually have a rapid growth of head circumference, growth of ventricle on radiological examinations and signs of increased intracranial pressure, but the signs and symptoms of hydrocephalus may not be seen for several weeks after the hemorrhage due to compliance of the neonatal brain. (48) Most patients with PHH are with communicating hydrocephalus, which occurs secondary due to chemical arachnoiditis after the dissolution of blood in the cerebrospinal fluid. Hydrocephalus may be obstructive due to acute obstruction of the aqueduct or Monro opening because of subependimal creation of the scars (4, 8, 11) .
ConCluSIon
According to the U.S. Census Bureau, the NICHD neonatal network and center for the disease control in the United States annually registers approximately 3,600 cases of mental retardation caused by IVH and their care will cost 3.6 billion reservoirs are liquorhea, infection and skin necrosis (5, 32, 37) . It was considered that intermittent evacuation of liquor from the reservoir affects the normalization of CSF absorption in a subgroup of children with PHH, thereby avoiding a permanent VP drainage (7, 32, 37) .
The most often used method in the treatment of hydrocephalus is shunt system that enables drainage of liquor in the other body cavity in order to reduce intracranial pressure caused by accumulation of liquor in the ventricles. Although if the adequate drainage may not be achieved by using subcutaneous reservoirs in cases of premature infants with low weight and cerebral cortex thickness less than 1 cm and large ventricles on the US, VP shunt is not preferred because of the insufficient immune system and adequate resorption in the stomach, not efficient absorption of blood from the decay products of liquor in the ventricular system and insufficient development of the subcutaneous tissue. It is recommended that we should wait until the weight reaches 2000 grams, rather than try with drainage (16,36). During this period of monitoring the solution that is least harmful and prevents complications is ventricular or lumbar puncture, with principles of antisepsis to reduce the risk of meningitis. External drainage of liquor increases the risk of infection and is burdened by the possibility of excessive drainage (over drainage), with abnormal electrolytes and proteins.
The timing for the placement of subcutaneous reservoir in premature children with hydrocephalus is a contentious issue and we know only about two different views on this subject that were elaborated in two published studies. Willis and colleagues say the 30-day period (4.2 weeks), and Fulmer and associates 28 days (4 weeks). VP shunt placement in the early period in preterm infants with PHH may be associated with the increased incidence of shunt infection and high rate of its obstruction (19). Taylor and colleagues have published in 2001, 36 cases in which the VP shunt was installed in the delay term, because it takes at least 5 weeks for the resorption of blood from the ventricle. This drainage was performed after the middle period of 42 days. In 9 patients (25%) there was an obstruction of the shunt and 21 revisions were made (41). They have not prescribed any therapy during 42 days for protection of white matter. But in massive IVH a very rapid clinical changes are possible and also the rapid development of hydrocephalus, and in these situations an early VPS is recommended (19, 20, 36, 41, 55) . Levi and colleagues had 83% obstruction of shunt in preterm infants with PHH(in 83% of cases). Lin had in 89% of cases, 94%(of cases) of the McCallum and Scarff in 50% shunt obstruction (and Scarf had shunt obstruction in 50% of cases) (22, 23, 25, 38, 41) .
Tubbs and colleagues report that the timing for the VP shunt was 37.4 days, and Fulmer and his associates said that it is of the uppermost importance to pass at least one month before VP implantation so that IVH can be resorbed (44) . The Permanent VP drainage in premature infants with PHH is needed in 60 to 85% (1, 6, 13, 31, 40, 43 The effects of maximum raised intracranial pressure and ventriculo-peritoneal shunting. Child Nerv Syst 8:190-197, 1992 dollars(and that the cost of the health care that they will need will reach the 3.6 billion dollars).
The composition of our group was operated, unselected patients. It is likely that the percentage of survival would be greater in the case of stricter criteria for surgical intervention. However, this entails a series of medical-ethical issues that may not be appropriate, but for now, there are no clearly defined parameters for a good prognosis. Therefore, this question remains open. Our results suggest that the main predictive factor is preoperative condition of the child and that the VP shunt and Omaya reservoir are complementary methods of surgical treatment. Significant predictors of poor treatment outcome were identified: low birth weight, low Apgar scores, extended number of days on assisted ventilation, presence of peripartum asphyxia and cardio-respiratory arrest.
In fact, those few cases of Hydrocephalus in premature infants who did not undergo surgery were indeed very complex examples of hydrocephalus with multiple malformations that are always incompatible with protracted perinatal survival. Only in these cases from the beginning we believed that with surgery we could not achieve anything.
